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Abstract not available for JP200451 5895T 
Abstract of correspondent: WO0247457 

A highly stable and efficient organic light emitting device with a phosphorescent-doped mixed layer 
architecture comprises an anode layer; hole injecting layer over the anode layer; a mixed layer over the 
hole injecting layer, the mixed layer comprising an organic small molecule hole transporting material, an 
organic small molecule electron transporting material and a phosphorescent dopant; and a cathode layei 
over the mixed layer. An electron transporting layer may be present between the mixed layer and the 
cathode layer and a hole transporting layer may be present between the hole injecting layer and the 
mixed layer. 
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Highly Stable and Efficient OLHDs with a phosphorescent* 
Doped Mixed Layer Architecture 



5 yield oc tte invention 

The present invention relates to 
electroluminescent devices, and more particularly to 
electroluminescent devices that utilise a phosphorescent - 
doped mixed layer architecture for enhanced stability and 

10 efficiency. 



Organic' light emitting devices (OLEOs) . which 

15 make use of thin film materials that emit light when 
excited by electric current, are expected to become an 
increasingly popular form of flat panel display technology. 
This is because OLSDs have a wide variety of potential 
applications, including cell phones, personal digital 

30 assistants (PDAs), computer displays, informational 
displays in vehicles, television monitors, as well as light 
sources. Due to their bright colors, wide viewing angle, 
compatibility with full motion video, broad temperature 
rangeB, thin and conformable form factor, low power 

25 requirements and the potential for low cost manufacturing 
processes, OLEDs are seen as a future replacement 
technology for cathode ray tubes (CRTs) and liquid crystal 
displays (LCDs), which currently dominate the growing $40 
billion annual electronic display market. Due to their 

10 high luminous efficiencies, electrophosphorescent OLKDs are 
seen as having the potential to replace incandescent lamps, 
and perhaps even fluorescent lamps, for certain types of 
applications. 

There are presently three predominant types of 

35 OLBD construction that are contemplated for these devices » 
the "double heteroetructure" (DH> OLBD, the "single 
l 
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heteroBtructure" (GH) OLED, and the Bingle layer polymer 
OLED. In the DH OLED, as shown in Pig. 1A, a substrate 10 
is coated by an electrode layer 11, which in typically an 
anode layer. A thin (typically 100-500 A) organic hole 
5 transporting layer (HTL) 12 is deposited on the anode 11- 
Deposited on the surface of the HTL 12 is a thin 
(typically, 50-500 A) emission layer (EL) 13. The EL 13 
provides the recombination site for electrons injected from 
a thin (typically 100-500 A) electron transporting layer 

10 (etl) 14 with holes from the HTL 12 . Examples of prior art 
ETL, EL and HTL materials are disclosed in U.S. Patent No. 
5,394,870, the disclosure of which is incorporated herein 
by reference. Such heterostructures may be characterized 
as having a heterojunction at the HTL/ ETL interface. 

IS The device shown in Pig. 1A is completed by the 

deposition of metal contacts 15, 16 and an electrode layer 
17, which is typically a cathode layer. Contacts 15 and 16 
are typically fabricated from indium or Ti/Pt/Au. The 
electrode 17 is often a cathode having a dual layer 

20 structure comprising an alloy auch as Hg/Ag 17* directly 
contacting the organic STL 14, and an opaque, high work 
function metal layer 17 ■ ' such as gold <Au) or silver (Ag) 
on. the Mg/Ag. a LiF/Al cathode may also be used. When 
proper bias voltage is .applied between the top electrode 17 

25 and the contacts 15 and 16, light emission occurs from the 
emission layer 13 through, Cor example, the substrate 10- 
The sk oled, as shown in Fig. IB, makes use of a 
multifunctional layer 12 that serves as both BL and HTL or 
a tnulti functional layer 13* that serves as both BL and ETL. 

30 One requirement of the device of Pig. IB is that the 
multifunctional layer 12 or 13 1 must have a good hole or 
electron transport capability, respectively. Otherwise, a 
separate BL layer should be included as shown for the 
device of Fig. 1A. 

3S Though single and double heterostructures may 

Include one or more polymeric layers, such heterostructures 
are typically comprised only of thin films of what are 
z 
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commonly ret erred to as organic small molecule materials. 
Such organic small molecule materials may be distinguished 
from polymeric materials simply as being non- polymeric 
materials . 

5 In contrast to the heterostructuree that are 

typically comprised of two or more thin filmB only of the 
small molecule materials, electroluminescent polymer films 
may typically be incorporated in an OLSD having a single 
organic layer. A single layer polymer OLSD is shown in 

10 Pig. 1C. As shown, this device includes a substrate 1 
coated by an anode layer 3. A thin organic layer 5 of 
spin- coated polymer, Cor example, is formed over the anode 
layer 3, and provides all of the functions of the HTL, ETL, 
and EL layers of the previously described devices. A metal 

15 electrode layer 6 is formed over organic layer 5. the 
metal is typically Mg or other conventionally -used low work 
function metalB. 

Light emission from OLKDs is typically via 
fluorescence or phosphorescence. As used herein, the terra 

20 -phosphorescence* refers to emission from a triplet excited 
state of an organic molecule. Successful utilization of 
phosphorescence bolda enormous promise for organic 
electroluminescent devices. For example, an advantage of 
phosphorescence is that all excitons < formed by the 

25 recombination of holes and electrons in an BL) , which are 
formed either as a singlet or triplet excited states, may 
participate in luminescence. This is because the lowest 
singlet excited state of an organic molecule is typically 
at a slightly higher energy than the lowest triplet excited 

30 state. This means that, for typical phosphorescent 
organometallic compounds, the lowest singlet excited state 
may rapidly decay to the lowest triplet excited state from 
which the phosphorescence is produced. In contrast, only 
a small percentage < about 25%) of excitons in fluorescent 

35 devices are capable of producing the fluorescent 
luminescence that is obtained from a singlet excited state. 
The remaining excitons in a fluorescent device, which are 

3 
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produced in the lowest triplet excited state of an organic 
molecule , are typically not capable of being converted into 
the energetically unfavorable higher singlet excited states 
from which the fluorescence is produced. This energy, 
5 thus, becomes lost to radiationless decay processes that 
only tend to heat -up the device. 

As a consequence, since the discovery that 
phosphorescent materials can be used as the emissive 
material in highly efficient C^eds, there is now much 
10 Interest in finding still more efficient 
electrophosphorescent materials and OLBD structures 
containing such materials. 

15 Summary of tha Invention 

The present invention includes light emitting 
devices with a phosphorescent- doped mixed layer 
architecture. These light emitting devices comprise a 
substrate, an anode layer; a hole injecting layer over the 

20 anode layer; a mixed layer over the hole injecting layer, 
the mixed layer comprising a hole transporting material and 
an electron transporting material and being doped with a 
phosphorescent material; and a cathode layer over the 
phosphorescent -doped mixed layer. 

25 The mixed layer utilized in the devices of the 

present invention serves as the emission layer, wherein the 
bole transporting material and the electron transporting 
material in the mixed layer act as the host material for 
the phosphorescent dopant. This mixed layer serves to 

30 substantially reduce the accumulation of charge that is 
normally present at the he tero junction interface of 
heterostructure devices, thereby reducing organic material 
decomposition and enhancing device stability and 
efficiency. Such OLBDs having the mixed layer of the 

35 present invention may to a certain extent be thought of as 
•single- layer- devices, that is, to the extent that they 
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may not have the more strongly charged he tero junction 
interface that is typical of a heteroBtructure device. 

Although most holes recombine with electrons 
within the emissive layer, there is a possibility that 
5 excess holes may migrate to' the cathode and become 
neutralised. This may sometimes be referred to as hole 
quenching. So as to prevent or reduce this neutralization 
or quenching of holes, an additional electron transporting 
layer may be provided between the mixed layer and the 

10 cathode. The electron transporting layer serves to bloc* 
migration of excess holes to the cathode, thereby keeping 
the holes within the mixed layer to enhance device 
stability and efficiency- It also serves as an exciton 
blocking layer to confine the excitons in the emissive 

15 layer. 

So as to reduce loss of excitons in the opposite 

direction, that is, into the hole injecting layer, a hole 

transporting layer may be present between the mixed layer 

and the hole injecting layer. 
30 An advantage of the present invention is that it 

provides exceptionally stable organic light emitting 

devices with high device efficiency. 

Aa used herein, the following phrases and terms 

have the following meanings > 
25 -Alq,- refers to tris- (8-hydroxvquinoline) 

aluminum. 

•Anode* refers to a positively charged electrode 
for injecting holes into an OLED. 

•BTPIr* refers to bis (2- (2' -benxo[4, 5- 
30 a] thienyl) pyridinato-N, C* J iridium (1 1 1 ) acetylacetonate . 

•Cathode* refers to a negatively charged 
electrode that injects electrons into an OLED. 

•CBP* refers to 4,4'-N,N' -carbatole biphenyl. 
•CuPC refers to copper phthalocyanine . 
35 *St»* refers to "emission layer,* which is a layer 

in which holes and electrons re combine to produce excitons, 
which may emit light, or which may transfer their energy to 
3 
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a dopant molecule which emits light, when a proper bias 
voltage is applied across the device. 

•electron transporting material" refers to a 
charge carrying material Cor which charge transport is 
S predominantly electron transport- 

*BTL" refers to an *electron transporting layer," 
which is a layer comprising an electron transporting 
material as the only type of charge carrying host material. 

10 m be teroj unction devices" refer to typical single 

heterostructure or double heterostructure OI&Db in which an 
HTL/BTL interface is present. 

*HIL" refers to 'hole injecting layer," which 
comprises a hole injecting material to enhance the hole 
15 injection efficiency of the anode. 

•hole transporting material* refers to a charge 
carrying material for which charge transport is 
predominantly bole transport. 

"HTL- refers to a -hole transporting layer, * 
20 which is a layer comprising a hole transporting material as 
the only type of charge carrying host material. 

"mixed layer" refers to a layer that comprises a 
hole transporting material and an electron transporting 
material. 

25 »NPD" refers to B,N' -diphenyl-H.N' -bis- alpha- 

napthylbentidine . 

»PtOBP" refers to 2. 3,^.8, 13, 13,17, 18-octaetbyl- 
2lK,23H-porphine platinum XI. 

30 

Bsifii BBm&ttfciaa at. tta Baadaai 

Pig. 1A ia a cross sectional view of a typical 

organic double heterostructure light emitting device 
according to the prior art. 

35 yig. IB is a cross sectional view of a typical 

organic single heterostructure light emitting device 
according to the prior art. 
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Pig. 1C 1b a crose sectional view of a typical 
single layer polymer OLED structure according to the prior 
art. 

Fig. 3 is a cross sectional view of an embodiment 
5 of the present invention. 

Pig. 3 is a cross Bectlonal view of an exemplary 
embodiment of the present invention. 

Pig. 4 compares the luminance as a function of 
time of an OliSD with a mixed layer architecture according 
10 to an embodiment of the present invention toi (1) an OLED 
not having a mixed layer architecture; and (2) an OLED 
having an ETL between the mixed layer and the cathode. 

Pig. 5 compares the luminance as a function of 
time of an OLED with a mixed layer architecture to an 
IS alternate embodiment of the invention including an htl 
between the mixed layer and the anode, and an ETL between 
the mixed layer and the cathode. 

Detailed Description 

30 The present invention includes light emitting 

devices with a phosphorescent -doped mixed layer 
architecture. These light emitting devices with a 
phosphorescent -doped mixed layer architecture comprise a 
substantially transparent anode r a hole injecting layer 

35 over the anode; a mixed layer over the hole injecting 
layer, the mixed layer comprising an organic small molecule 
hole tranaporting material and an organic small molecule 
electron transporting material and being doped with a 
phosphorescent material; and a cathode over the 

30 phosphorescent- doped mixed layer. The phosphorescent-doped 
mixed layer architecture employed in the devices of the 
present invention provides for exceptionally stable devices 
with high device efficiency. 

The mixed layer used in the devices of the 

35 present invention enhances both the device stability and 
the efficiency. The mixed layer is also the emissive 
layer, comprising an organic small molecule hole 

7 
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transporting material and an organic small molecule 
electron transporting material ae the host materials Cor 
the phosphorescent dopant. Unlike he tero j unction devices 
employing a separate BTL and ETL that form an BTL/btl 
5 interface, the mixed layer of the present Invention 
contains no HTL/BTL interfaces therein. Thus, the 
accumulation of charge that is typically present at Buch 
HTL/BTL interfaces, which can lead to organic material 
decompositions that are detrimental to device performance, 

10 ia substantially reduced by the mixed layer architecture 
according to the present invention. 

This reduction of charge accumulation may, for 
example, be achieved in two ways. Firstly, the mixed layer 
architecture may provide for a continuous composition of 

15 organic small molecule electron transporting material 
. between the mixed layer and an adjacent electron 
transporting layer that is between the mixed layer and the 
cathode. Electrons can migrate into the mixed layer 
wherein the recombination with holes occurs, and thus the 

20 accumulation of electrons at the mixed layer/ETL interface 
is substantially eliminated. Secondly, the mixed layer 
architecture can result in a reduced hole mobility in the 
mixed layer as compared to a pure BTL which is present in 
a he tero junction device. This reduced hole mobility in the 

25 mixed layer leads to producing a lower concentration of 
holes at the mixed layer/ETL interface, and thus the hole 
accumulation at the mixed layer/ETL interface is 
substantially reduced as compared to a regular 
he teroj unction htl/btl interface. 

30 The BTL of the phosphorescent -doped mixed layer 

architecture of tbe present invention that may be present 
between the mixed layer and the cathode may also enhance 
device performance by functioning as an exciton and/or hole 
blocking layer. Migration of charge carriers too close to 

35 the electrodes of an OLBD significantly reduces the 
efficiency of tbe OLED, and hole mobilities in organic hole 
transporting materials are usually higher than the electron 
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mobilities in organic electron transporting materials. 
Therefore, in an OLED, it is important to inhibit holes 
from migrating all the way to the cathode. In the mixed 
layer architecture of the present invention, the BTL 
5 positioned between the mixed layer and the cathode inhibits 
boles from migrating to the cathode, and therefore leads to 
improved device efficiency. 

Zn addition, the BTL may also function as an 
exclton blocking layer. A material that is used as an 

10 exciton blocking layer in an OLED may be defined as a 
material that has an exciton energy, defined as the energy 
difference between the electron and hole in a ground state 
exciton, that is greater than the energy of the excitons 
that are produced in the emissive layer of the QLBD. 

15 Because of the coulomb forces between the nearby electron 
and hole in a ground state exciton, the exciton energy of 
an organic material is typically slightly less than the 
energy difference between the lowest unoccupied molecular 
orbital (LUKOJ and the highest occupied molecular orbital 

20 (HOMO) of the material. Such an exciton energy 
substantially prevents the diffusion of excitons through 
the blocking layer, yet has only a minimal effect on the 
turn-on voltage of a completed electroluminescent device. 

Thus, in the representative embodiments of the 

25 present invention that include an BTL between the mixed 
layer and the cathode, the electron transporting material 
in the STL may also function aB an exciton blocking 
material . 

In still another embodiment of the present 
30 invention, an BTL may be present between the hole injecting 
layer and the phosphorescent -doped mixed layer, in this 
embodiment, the HTL comprises a hole transporting material 
that may also function as an exciton blocking material. . 

The present invention has been demonstrated in 
35 the representative embodiments of the present invention as 
having an HTL between the phosphorescent- doped mixed layer 
and the cathode and/ or an HTL between the hole injecting 
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layer and the phosphorescent -doped mixed layer. Such 
embodiment a are disclosed herein to have unexpectedly 
improved performance characteristics, tor example, with 
reopect to external quantum efficiency and/or luminance, as 
5 compared with devices that do not have these STL and/or HTL 
layers. 

However, it is to be understood that tha full 
scope of the present invention includes OLEDs having 
phosphorescent -doped mixed layers that may not have an KTL 

10 between the phosphorescent -doped mixed layer and the 
cathode, or an HTL between the phosphorescent -doped mixed 
layer and the hole injecting layer. 

In addition, it is to be understood that the full 
scope of the present invention includes OLEDs having 

15 phosphorescent -doped mixed layers in which the OLBO is 
fabricated with an inverted sequence of layers, that is, a 
substrate, a cathode layer, the phosphorescent -doped mixed 
layer, a hole injecting layer, and an anode layer. Such 
inverted structures may also include an STL layer between 

20 the cathode and the mixed layer and/ or an HTL between the 
hole injecting layer and the anode. 

An embodiment of the present invention is shown 
in Pig. 2. The device 300 includes a substrate 310, an 
anode 211, a bole injecting layer 313, a phosphorescent - 

25 doped mixed layer 213, an electron transporting lsyer 314. 
and a cathode 215. The phosphorescent- doped mixed layer 
313 functions as the emission layer. Light emission from 
the phosphorescent- doped mixed layer 313 occurs when a 
voltage is applied between the cathode 315 and the anode 

30 311. The materials used in the device 300 include any 
suitable materials which fulfill the function (s) of the 
respective layer IsK *or example, the organic small 
molecule hole transporting material and the organic small 
molecule electron transporting material in the 

35 phosphorescent -doped mixed layer may be selected, in 
combination with the optional STL and/ or HTL, so as to 
balance hole and electron injection as well as hole and 

10 
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electron transport through the device. The specific 
materials listed below are provided for illustrative 
purposes only. 

The device 200 is manufactured upon o substrate 
5 210 . The substrate 210 may be fabricated from a 
transparent or opaque material, such as glass, quarts, 
sapphire or plastic. The substrate 210 is, for example, 
rigid, flexible, conformable, and/or shaped to a desired 
configuration. 

10 Por transparent OLEDs or top-emitting OLBDb, a 

transparent cathode such as disclosed in U.S. Patent No. 
5,703,436, or co-pending U.S. Patent application* S/N 
08/964,863 and 09/054,707, may be used. A transparent 
cathode has light transmission characteristics such that 

IS the OLKD has an optical transmission of at least about 50%. 
Preferably, the transparent cathode has light transmission 
characteristics that permit the OLBD to have an optical 
transmission of at least about 70%, more preferably, at 
least about 8 5%. 

20 A top-emitting device is one which has an opaque 

and/or reflective substrate such that light is produced 
only out of the top of the device and not through the 
substrate. The substrate is typically referred to as being 
at the bottom of the device. 

25 Deposited upon substrate 210 is the anode 211. 

The anode 211 comprises an electrically conductive material 
having a high work function, for example, such as indium 
tin oxide (ITO), if a bottom- emitting or transparent device 
is desired, such as in a head-up application. por top- 

30 emitting devices that use an opaque or reflective anode, a 
high- work- function metal such as Au may be used. 

Deposited upon anode 211 is the hole injecting 
layer (BID 212. The HIL 212 comprises a material which 
enhances the hole injection efficiency of the anode, such 

35 as CuPc. 

Deposited upon hole injecting layer 212 is the 
phosphorescent -doped mixed layer 213 from which light 
il 
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emits. The phosphorescent- doped mixed layer 212 comprises 
an organic small molecule hole transporting material and an 
organic email molecule electron transporting material 
acting as the boat materials for a phosphorescent dopant. 
5 . The organic small molecule hole transporting material, 
organic small molecule electron transporting material and 
the phosphorescent dopant are uniformly distributed 
throughout the mixed layer 213. The organic small molecule 
hole transporting material may be comprised of material 

10 that is known in the art Cor use in an BTL, and the organic 
small molecule electron transporting material may be 
comprised of material that is known in the art Cor use in 
an BTL. Also, the dopant in the mixed layer may be 
comprised of a phosphorescent material that is also known 

IS in the art. U.S. Patent No. 6,097,147 discloses several 
examples of HTL, BTL, and phosphorescent materials, and its 
disclosure is herein Incorporated by reference. Suitable 
examples of the organic small molecule hole transporting 
material, organic small molecule electron transporting 

30 material, and phosphorescent material are NPD, Alq,, and 
PtOKP, respectively. 

Although the mixed layer 213 is disclosed in the 
representative embodiment as having a composition of 
electron transporting material (BTM) , hole transporting 

25 material (HTM) and phosphorescent material <PM) that has a 
weight percent ratio of HIN1BTO1PH that ia substantially 
constant throughout the mixed layer, in an alternative 
embodiment the weight percent ratio of HTMtBTMtPM may 
continuously vary from one surface to the opposite surface 

30 of the mixed layer. Par example, the charge -carrying 
BTMiBTM weight percent ratio may vary from as much as 100 tO 
weight percent on one side of the mixed layer down to as 
little as OilOO weight percent on the opposite side of the 
mixed layer. Furthermore, the rate of change in 

35 concentration also need not be constant. For exanple, on 
the anode side o£ the mixed layer, the charge- carrying 
material in the mixed layer may be close to 100% weight 
12 
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percent HTM changing only gradually for the first few 
nanometers, increasing couch more rapidly in the middle of 
the mixed layer, and then once again changing more slowly 
on the cathode side of the device, where the charge - 
5 carrying material in the mixed layer may contain up to 100% 
weight percent RTM. The overall ratio of charge carrying 
materials may vary from about 95t5 weight percent HTMtBTM 
down to about 5t95 weight percent HTM i KM. Similarly, the 
PM that is doped in the mixed layer may also vary from as 
10 little as about 0.1% weight percent up to as much as 50% 
weight percent of the total mixed layer composition, also 
without necessarily being constant throughout the mixed 
layer . 

Representative materials that may be used in the 

15 present Invention include those such as disclosed in: m.a. 
Baldo et al . , "Highly efficient phosphorescent emission 
from organic electroluminescent devices' 1 , 395 Nature 151- 
1S4 {1998)/ D.F. O'Brien et al . , "Improved energy transfer 
in electrophosphoreBcent devices,* 74 1 3 Applied Physics 

30 Letters 442-444 (1999); M.A. Baldo et al., -very high- 
efficiency green organic light-emitting devices based on 
elect rophoaphoreecence,* 75 i 3 Applied Physics letters 4-6 
(1999); M.A. Baldo et al., 'Bxcitonic singlet-triplet ratio 
in a semiconducting organic thin film," 60t30 14 Physical 

35 Reviews 433-«28 (1999) r C Adachi et al., -High-ef f icioncy 
organic phosphorescent devices with tris (2-phenylpyridine 
doped into electron -transporting materials,* 77>6 Applied 
Physics Letters 904-906 (2000); Raymond C. Kwong et al., 
-Organic Light Emitting Devices Based on Phosphorescent 

30 HostB and Dyes,* 2000.11 Advanced Bateriais 1134-1138; 

Raymond C. Kwong et al., "Efficient, Saturated Red Organic 
Light Emitting Devices Based on Phosphorescent Platinum 
(II) Porphyrins,* 1999ill Chemistry of Materials 3709-3713; 
Peter I. Djurovich et al., Mr(ltX) cyclometallated 

35 complexes an efficient phosphorescent emitters in polymer 
blend and organic LKDe, * 3000*41(1) Polyaez Preprints 770. 

13 
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Deposited upon phosphorescent -doped mixed layer 
3X3 is thB ETL 314. As discussed above, materiala for use 
in an STL are known in the art, and the BTL 314 comprises 
a material, sucb as xiOj, vhich supplies electrons to an 
5 emission layer sucb that recombination with boles can 
occur- The BTL also leads to improved device efficiency 
because it inhibits holes from migrating to the cathode, 
thus keeping them within the phosphorescent -doped mixed 
layer for recombination with electrons. 

10 Deposited upon the STL 214 is a cathode 21S. The 

cat bode 315 may be comprised of, for example, MgAg, ITO, 
Lir/Al. Ag or au. 

The deposition techniques for any of the above - 
listed layers and materials are well-known in the art. Por 

15 . example, a representative method of depositing the Olbd 
layers (i.e., hil, mixed layer and BTL layers) is by 
thermal evaporation (or spin coating if a polymer LED is 
used) ; a repreoentative method of depositing metal layers 
is by thermal or electron-beam evaporation; and a 

30 representative method of depositing indium tin oxide is by 
electron-beam evaporation or sputtering. 

The present invention may be used to provide 
stable, efficient, high brightness, monochromatic, 
multicolor, or full -color, flat panel displays of any sise. 

35 The images created on such displays could be text or 
illustrations in full -color, in any resolution depending on 
the size of the individual OLBDa. Display devices of the 
present invention are therefore appropriate for an 
extremely wide variety of applications including billboarda 

30 and signs, computer monitors, and telecomaunicatlona 
devices auch as telephones, televisions, large area wall 
screens, theater screens and stadium screens. The 
structures described herein are included, for example, in 
a plurality of pixels in a light emitting device or aa part 

35 of a single-pixel device. Moreover, the structures 
described herein may be used as part of a laser device. 

14 
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Because oC the except ionally high luminous 
efficiencies that are possible for phosphorescent -based 
OLEDs, as compared with OLEDa generally, and especially 
with respect to conventional inorganic LBDb, the 
S phosphorescent -based OLEDh of the present invention may 
also be used as a light source for illumination 
applications. Such light sources could replace 
conventional incandescent or fluorescent lamps for certain 
types of illumination applications. Such phosphorescence - 

10 based OLBDs could be used, for example, in large planar 
light sources that produce illumination of a desired color. 

The present invention is further described with 
reference to the following non-limiting examples. Except 
for the specific combination of materials and structures 

IS that fall within the scope of the present invention, the 
general methods and materials used for fabricating and 
evaluating the performance of the OLBDs in these examples 
are known in the arc. 



20 

Example j 

A phosphorescent electroluminescent device 300 as 
shown in Pig. 3 was formed using conventional deposition 
technique*. The device' 300 included the following 1*y*** 
25 deposited onto a glass substrate 310 • an anode 311 
comprising indium tin oxide, an HIL 312 comprising CuPc, a 
phosphorescent-doped mixed layer 313 comprising HPD and Alq, 
doped with PtO&P, an STL 314 comprising Alq,, and a cathode 
3 IS comprising magnesium- silver alloy. On a weight percent 
30 basis, the phosphorescent -doped mixed layer 313 is 
■ comprised of 46% tiPD, 46% Alq, and 8% PtOBP. 

The btl 314 was included in the device 300 not 
- only to Bupply electrons to the phosphorescent - doped mixed 
layer 313, but also to prevent the migration of boles from 
35 the phosphorescent -doped mixed layer 313 to the cathode 
315, which would detrimentally effect the efficiency of the 
device. The hole blocking function of the BTL 314 is 
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demonstrated by a comparison of the curves labeled A and c 
in Pig. 4. Curve A of Fig. 4 plots the luminance as a 
function of time of an OLSD with the phosphorescent -doped 
mixed layer architecture according to the present invention 
5 as depicted in device 300, while curve C of Pig. 4 plots 
the luminance as a function of time of an OLBD with an 
HTLiETL layer in place of the STL, but otherwise identical 
to the device 300. The luminance produced by the device 
represented by curve C ranged from only approximately 17-15 

10 cd/nr* over the course of 3500 hours. In contrast, the 
luminance was much greater, at the same current density of 
10 mA/cm*, ranging from approximately 68-63 cd/ro* over that 
same time period (curve A) , when produced by the device 
300. This difference is believed to be due to the BTL 314, 

15 which prevented hole migration to the cathode 315, thereby 
substantially keeping holes within the phosphorescent -doped 
nixed layer 313 for recombination with electrons. 

The phosphorescent -doped mixed layer 313 is 
believed to contribute to the high stability and efficiency 

20 of the olbd with a phosphorescent -doped mixed layer 
architecture according to the present invention. The 
phosphorescent -doped mixed layer 313, because it is a 
continuous organic composition without BTL/ BTL 
heterojunction interfaces therein, serves to substantially 

35 reduce the accumulation of charges normally present at the 
heterojunction interface of a heterojunction device, thus 
reducing organic material decomposition and enhancing 
device stability and efficiency. As shown in Pig. 4, curve 
B plots the luminance as a function of time for a typical 

30 heterojunction device, which does not include the 
phosphorescent -doped mixed layer of the present invention. 
In comparing these curves representing the mixed-layer 
device 300 of the present invention, the initial luminance 
produced by the mixed- layer device 300 is about three times 

35 greater than that of the non -mixed- layer devices {after 
normalized to the same current of 18 raH/cm?) ■ Furthermore, 
after 3000 hourB of operation, because ot the outstanding 
li 
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efficiency and stability, the lifetime luminance as 
expressed in nit-hours (luminance x operating time) that 
was produced by the mixed-layer device 300 was 210,000 nit- 
hour s (constant current at 10 mA/cm J ) as compared with the 
5 non- mixed -layer devices that produced a lifetime luminance 
of about 105,000 nit-hours. Thus, not only was the 
lifetime luminance of the mixed- layer devices about twice 
as high as the non- mixed- layer devices, these higher 
results were advantageously produced at about half the 
10 current density. 

A phosphorescent electroluminescent device was 
also formed using deposition techniques known in the art 

15 except for the specific combination of layers that fall 
within the scope of the present invention. In particular, 
the device included the following layers deposited onto a 
glass substrate i an anode comprising indium tin oxide, an 
HIL comprising CuPc, an HTL comprising NPD, a 

20 phosphorescent -doped mixed layer comprising NPD and Alqj 
doped with BTPlr, an etl comprising Alq,/ and a cathode 
comprising an LiF layer and an aluminum layer. 

Tbe HTL is selected such that it not only 
transports holes but also confines excitona in the emissive 

25 layer. The exciton confinement function of this NPD layer 
is demonstrated by a comparison of tbe curves labeled A and 
B in Pig. 5. Curve A of Pig. 5 plots the luminance as a 
function of time of an OLXP with tbe phosphorescent -doped 
mixed layer architecture as set forth in Example 2, while 

30 curve 8 of Fig. 5 plots the luminance as a function of time 
of an OLKD without the additional NPD layer. The 
additional NPD layer functions as a exciton blocking layer 
which retards BTPlr excitons from reaching the Cure layer 
where exciton quenching may occur. Li? functions as an 

35 electron injection material when present in combination 
with tbe Al layer. Whereas the luminance produced by the 
device represented by curve A ranged from approximately 54- 

17 
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S3 cd/ra* at 2.5 mA/cm* over the course of 100 hours, the 
luminance produced by the device represented by curve B 
ranged from approximately 41-38 cd/m 3 at 4.4 roA/cm* over the 
course of about 1000 hours. The initial efficiencies were 
5 2 cd/A and 0.9 cd/A respectively. This is believed to be 
an effect of the additional NPD layer as described above. 
Although the stability of B may be slightly better within 
the 100-hour range of operation, the stability of A is 
still satisfactory. 

10 The present invention provides highly stable and 

efficient electroluminescent devices, particularly for 
phosphorescent emission. Those with skill in the art may 
recognize various modifications to the embodiments of the 
invention described and illustrated herein. Such 

15 modifications are meant to be covered by the spirit and 
scope of the appended claims. 
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An organic light emitting device comprising i 
a substrate; 

an anode layer over the substrate ( 
a hole Injecting layer over the anode layer/ 
a mixed layer over the hole injecting layer, the 
mixed layer functioning as an emission layer and 
comprising an organic small molecule hole transporting 
material, an organic small molecule electron 
transporting material and a phosphorescent dopant; and 
a cathode layer over the mixed layer. 

The device o£ claim 1, further comprising ao electron 
transporting layer between the mixed layer and the 
cathode layer. 



3. 



The device of claim 1, wherein the anode 
comprises indium tin oxide. . 



layer 



The device of claim 1, wherein the hole injecting 
layer comprises CuPc. 

the device of claim 1, wherein the organic small 
molecule hole transporting material comprises NPD, the 
organic small molecule electron transporting material 
comprises Alq,, and the phosphorescent dopant comprises 
PtOSP. 



The device of claim i, wherein the organic small 
molecule hole transporting material comprises NPD, the 
organic small molecule electron transporting material 
comprises Alq,. and the phosphorescent dopant comprises 
BTPlr. 
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1 7. The device of claim 2. wherein the electron 

2 transporting layer comprises Alq,. 



a. The device of claim 1. wherein the cathode comprises 
magnesium- ail ver alloy. 

9. The device of claim 1, wherein the cathode comprises 
L1P/A1 - 

10. The device of claim 1, wherein the substrate is 
transparent. 

11. The device of claim 10, wherein the cathode layer is 
transparent . 

12. The device of claim 10, wherein the substrate 
comprises plastic. 

13. The device of claim 10, wherein the substrate 
comprises a flexible plastic. 

14. The device of claim 1, wherein the substrate is 
substantially opaque and the cathode layer is 
transparent . 

15. The device of claim 10, wherein the substrate 
comprises glass. 

IS. An electronic device incorporating the device of claim 
1, the electronic device selected from the group 
consisting of a computer; a television; a large area 
wall, theater or atadium screen; a billboard; a sign; 

5 a vehicle; a printer; a telecommunication device; a 

6 telephone; and a light source. 
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17. An organic light emitting device comprising! 

a substrate; 

a substantially transparent anode layer 
comprising indium tin oxide; 

a bole injecting layer over the anode layer, the 
hole injecting layer comprising CuPc; 

a mixed layer over the hole injecting layer, the 
mixed layer functioning as an emission layer and 
comprising an organic small molecule hole transporting 
material, an organic small molecule electron 
transporting material and a phosphorescent dopant, the 
organic small molecule hole transporting material 
comprising npd, the organic small molecule electron 
transporting material comprising Alq,, and the 
phosphorescent dopant comprising PtOBP; 

an electron transporting layer over the mixed 
layer, the electron transporting layer comprising Alq,; 
and 

a cathode layer • over the electron transporting 
layer, the cathode layer comprising magnesium-silver 
alloy . 

18. The device of claim 17, wherein the substrate is 
transparent . 

19. The device of claim 17, wherein the substrate 
comprises glass. 

20. The device of claim 17, wherein the substrate 
comprises plastic. 

21. The device of claim 17, wherein the substrate 
comprises a flexible plastic. 

22. A multicolor display device comprising a plurality of 
pixels, wherein at least one of said pixels comprises i 

a substrate; 
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4 a substantially transparent anode layer over the 

5 substrate? 

6 a hole injecting layer over the anode layer; 

7 a mixed layer over the hole injecting layer, the 

8 mixed layer functioning as an emission layer and 

9 comprising an organic small molecule hole transporting 

10 material, an organic small molecule electron 

11 transporting material and a phosphorescent dopant; 

12 an electron transporting layer over the mixed 

13 layer; and 

14 a cathode layer over the electron transporting 

15 layer . 

1 23 . An electronic device incorporating the device of claim 

2 22, the electronic device selected from tbe group 

3 consisting of a computer; a television; a large area 

4 wall, theater or stadium screen; a billboard; a sign; 

5 a vehicle; a printer; a telecoontunication device; a 

6 telephone; and a light source. 

1 24. Tbe device of claim 2, further including an electron 

2 injection material between the electron transporting 

3 layer and the cathode. 

1 25. The device of claim 24, further including an exciton 

2 blocking layer bet wen the hole injecting layer and 

3 the mixed layer. 

1 26. The device of claim 2S, wherein the exciton blocking 

2 layer is NPD. 

1 27. The device of claim 24, wherein the electron injection 

2 material ia LiF. 

1 28. The device of claim 24, wherein the organic small 

2 molecule hole transporting material comprises KPD, tbe 

3 organic small molecule electron transporting material 

a 
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4 comprises Alq,, and the phosphorescent dopant canprisea 

.5 BTPIr. 

1 29. The device of claim 24, wherein Che organic small 

2 molecule hole bran sporting material comprises NPD. the 

3 organic small molecule electron transporting material 

4 corap rises Altj,, and the phosphorescent dopant comprises 
PtOSP . 

1 30. The device of claim 24, wherein the cathode layer 

2 comprises Al. 
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